We report on the physics capabilities of a linear e+e-collider operating on or above the top quark threshold.
INTRODUCTION
The initial phase of the linear e+e-collider [1, 2] is expected to operate at a maximum center of mass energy of 500 GeV, which will enable it to explore the threshold dependence of the tf cross section. Detailed exploration of the energy dependence of the tf cross section near threshold can lead to a determination of a number of important properties of the top quark, namely its mass mt, its width rt, the CKM matrix parameter Vtb, the Yukawa coupling of the top quark to the Higgs boson ,0~, as well as the QCD coupling constant Q,. This is because the threshold shape depends on all these parameters. Measurements of the decay properties of the top quark will yield information on the form factors governing its decay. The ability to polarize the electron beam will aid significantly in suppressing WW backgrounds to the tF channel as well as help unravel the form factor information. In what follows, we will summarize this physics. A more detailed write-up can be found in Frey et al.
PI.

TOP CROSS SECTION NEAR THRESHOLD
The standard model width of the top quark of mass 175 GeV/c2 is ~1.42 GeV. A tf (toponium) bound state will thus have at least twice the width of the top quark, since either of the top quarks may decay. The level spacing of . . topoma is M aim,. For top quark masses greater than 150 GeV/c2, the level spacing of toponia is comparable to the width of each state. This implies that the S,P and D states of toponia form an indistinguishable enhancement below the tc threshold. The shape of this curve has been calculated using the BetheSalpeter equation by Strassler and Peskin [4] and has been extensively studied by others . The shape depends on nat and cy,. The greater cy,, the stronger the binding between tfpairs in the bound state and lower the position of the 1s state below threshold. The top cross section curve also depends on the top quark width and on the Higgs boson mass via the Yukawa coupling of the top quark and the Higgs boson. Figure l(a) shows the theoretical top quark production cross section for a top quark mass of 175 GeV/c2, infinite Higgs mass and a,(@-) = 0.120. At high energy, the center of mass energy resolution of e+e-colliders suffers from two effects, namely initial state radiation (ISR) and beamstrahlung.
The effective QED expansion parameter at high energies for real photon emission is p -+(Zn(slmz) -1) x 0.12 (rather than a/w) for &=500
GeV. F or a muon collider of the same energy, p is 0.07, resulting in much smaller beam energy smearing due to ISR. Beamstrahlung, the emission of radiation by one beam due to the action on it of the other, is governed by the parameter l? = +y(B/B,), w h ere B is the effective magnetic field strength of the beam (M 6 x lo2 T for NLC design) and B, f mzc3/efi x 4 x 10' T. This results in l? M 0.08 at fi = 500 GeV for the SLAG NLC design. The energy spectrum of the beam may be characterized by a 6 function piece at the nominal energy with a low energy tail due to the effects described above. The fraction of the luminosity in the 6 function piece at fi=500
GeV for the SLAC X-band design is 43%. For a comparison of this curve with the corresponding one for the muon collider, please see the contribution by M. Berger to these proceedings [12] .
At fis) = 500 GeV, th e 1 owest order total cross section for mt=180 GeV/c2 is 0.54 pb for unpolarized beams. One expects roughly 90% polarization for electrons at the NLC. The lowest order top cross section is 0.74pb(0.34pb) for fully left-hand (right-hand) polarized electron beam. For an integrated luminosity of 5Ofb-i, achievable in one year's running, one expects roughly 25,000 tf events. The background to tf production is the production of W pairs. This process is dramatically reduced if the electron polarization is right handed.
Measurements of TI-Q and cx, at threshold
As Q, increases, the threshold bump of the theoretical curve moves lower. This can be compensated for by raising the top quark mass, resulting in a strong positive correlation between the fitted values of CII, and mt. A number of studies have been performed to simulate measurements at the tf threshold.
A JLC study [9] assuming mt = 150 GeV/ c2 scans the threshold with 11 scan points of 1 fb-' integrated luminosity per point. Assuming that the width of the top quark is given by the standard model, a simultaneous fit to cy, and mt yields errors of 0.005 and 200 MeV/ c2 respectively. If one assumes that a, is known from other sources to much better than this accuracy, one can fit for mt alone yielding 100 MeV/c2 for the top quark mass. An update for mt =170 GeV/c2 [13], y' Id re s errors of 0.007 and 350 MeV/c2 for the same 11 point scan. A similar 10 point scan, with 5 fb-' per point and mt=180 GeV/c2 [14] , yields errors of 0.0025 and 120 MeV/c2 for CX~ and mt respectively.
Measurements of top quark width and I&,
Another quantity that contains information on cr, and It is the momentum distribution of the top quark pairs. After they are formed and move apart, the tf pairs are slowed down by the QCD potential. They decay before they have a chance to hadronize. The greater the value of Q,, the greater will be the QCD potential and the more the tf pairs will be slowed down. Similarly, the greater the value of It, the faster will be the decay and the greater the average momentum of the tt pair. This effect has been extensively studied theoretically [6, 8] and phenomenologically [9, 15] . A 100 fb-' study of top momentum distributions yields an error on CX~ = 0.00024 (0.2%) and of 7% in l?t respectively. Another source of information on It is the threshold scan itself. Figure 2 shows the variation of the threshold curve as a function of It. Fujii et al [13] find that fixing Q, and fitting for mt and It simultaneously for an 11 point scan with 1 fb-' per point yields an error of 100 MeV/c2 for mt and and a fractional error of 16 % for It. With a 50 fb-i scan, the fractional error in It can perhaps be made as low as 5%.
In order to measure &b, one needs the partial width I'(t --) Wb). Knowing the total Pt, this can be determined by measuring the branching ratio B(t + Wb). No detailed Monte Carlos h ave been done to ascertain the precision to which this can be measured, but Frey et al [3] cite reasonable arguments to show that B(t + Wb) can be determined to a precision of 2.5% with 25 fb-r of data, leading to a precision in I& of 2.8%.
Another quantity that is sensitive to the top quark width is the forward backward asymmetry of tf pairs [9, 17] . Th is is caused by the interference between S , D states of toponium produced via the vector coupling of the -y/Z intermediate state and the P states produced by the axial vector coupling. The degree of forward backward asymmetry depends on the overlap of these states which in turn depends on It. This technique is less sensitive than the threshold scan (by a factor of 10 in luminosity), but provides a cross check of measurements made using other means.
Measurements of Higgs Yukawa coupling to the top quark
The tf pairs produced are subject not only to the QCD potential but also to a Yukawa potential VH associated with Higgs exchange.
A2 --mJyr VH = -2%
where mH is the Higgs mass and the Yukawa coupling & is given by Z)J$jgg8 is the Riggs vacuum expectation value. The dimensionless constant @H is unity in the standard model but can assume other values in theories with more complicated Higgs structure. Figure 3 shows the variation of the standard model top cross section for various values of the Higgs mass [16] . If one assumes that the Higgs boson has been discovered by the time the NLC turns on, then one can use the NLC to measure deviations in PH from unity. Figure 4 shows the variation of the top cross section as a function of @H, with all the beam effects included. Fujii et al [13] apply their 11 point scan method to show that with 11 fb-' of data it is possible to determine @H to 25% for mt=170 GeV/c2. It should also be possible to measure the Higgs Yukawa coupling by observing the direct emission of a Higgs boson associated with tf production if the center of mass energy is sufficient to allow such "higgsstrahlung" .
FORM FACTORS AND DECAY DISTRIBUTIONS
Another rich source of information on the properties of top quarks is their decay modes and distributions. The search for rare decay modes of the top quark is perhaps better done in hadron machines with much larger rates of tf production. However, the existence of polarization and an initial state of well defined energy provide the lepton colliders with perhaps a unique means to explore the decay dynamics of top quarks.
The top neutral-current coupling can be generalized to the following form for the y/Z-t-f or vertex factor: which reduces to the SM tree level expression with the form factors The non-standard couplings F2';' and F,';I" correspond to electroweak magnetic and electric dipole moments, respectively.
For the top charged-current coupling we can write the W-t-b vertex factor as where the quantities PL,R are the left-right projectors.
In the SM we have Fly = 1 and all others zero. The form factor Fl% represents a right-handed, or V + A, charged current component.
Using an integrated luminosity of 10 fb-i, and the tf decay mode final state of lepton + jets, and an electron polarization of &SO%, it can be shown [18, 19] that the form factors given above can be determined to a precision shown in table 1 at a center of mass energy of 500 GeV.
CONCLUSIONS
The e+e-linear colliders (and the muon collider) offer an excellent means of probing the physics of the tE threshold and extracting fundamental parameters such as mt, Ft, @H as weR as the form factors governing top decay to precisions difficult to attain using hadron machines. 
